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Persistent organic pollutants (POPs) have been the major environmental issue,
drawing much scientific and public attention due to their high bioaccumulation
potential, persistence and high toxicities to non-target organisms (Jones and Voogt,
1999; Loganathan and Kannan, 1994). In China, most of the pesticides produced
and used from the 1960s to 1980s are organochlorine pesticides (OCPs) that of
POPs kind. During the past years, over 600,000 t of OCPs have been produced in
China and the uncontrolled use of OCPs in agriculture contributed to high
concentrations of their residues detected in the environment (Hua et al. 1992). The
awareness of POPs has been increasing these years, as a considerable number of
past studies have reported their residuals in the coastal sediments, surface waters,
food and vegetables, wild animals and human breast milks (Wang et al. 2003; Ma
et al, 2001). However, more attention was paid to aquatic ecosystems while less to
terrestrial ecosystems in China.

Guanting reservoir, located in the northwest of Beijing, is one of the five major
water systems of Beijing. It used to be a drinking water source of Beijing before
1997, but the water quality of reservoir has been degraded from grade II to
grade [V in terms of the national standards for the following reasons: 1) A
variety of small industrial complexes are located in its upper reach and poured a
large amount of polluted water into the river; 2) a large quantity of domestic
sewage is dumped into the water areas; 3) the upper water quantity has been
decreasing because of drought and farm irrigation; and 4) non-point farming
pollution is a big source of Guanting Reservoir contamination.

This paper is intended to study the current status and accumulation features of soil
pollution by OCPs at Guanting Reservoir area, to distinguish the major sources of
soil pollution by using statistic methods, and to find out whether the
concentrations of OCPs are different between farm soils and orchard soils, and
whether sampling locations make a significant difference in the concentrations of
OCPs.

MATERIALS AND METHODS

A composite stock standard solution of OCPs including a-, B-,y- and 8-HCH and
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Figure 1. Geographical location of sampling sites.

p,p’-DDT, o,p’-DDT, p,p’-DDE, p,p’-DDD was obtained from National Research
Center for Certified Reference Materials of China at a concentration of 100 mg/L
and then diluted to a desired concentration. All solvents used were of analytical
grade and redistilled to remove impurities prior to use.

Soil samples were collected around the Guanting Reservoir at the late fall in 2002.
The detailed sampling locations are shown in Figure 1. Each sample was a
composite of soil subsamples taken from the top 20 cm of five sites and was
mixed, sieved (Imm) and freeze-dried prior to analysis. Site descriptions were
registered at the time of sampling to record the sample locations (e.g. SE means
Southeast of Guanting Reservoir), land use types (farm or orchard) and major
environmental features.

All soil samples were extracted and cleaned up following the standard operating
procedures as specified in the State Environmental Protection Administration of
China method (SEPA, 1993). Approximately 10-g of freeze dried sample were
transferred to 250-ml Erlenmeyer flask, activated copper powder was added to
remove sulfate, followed by adding 80 ml hexane- dichloromethane mixture (1:1
v/v). Extracted with sonication for 60min, then stand overnight and sonicated 40
min again. The extract was decanted, another 20-ml hexane was added and
sonicated for 20 min, the two extracts were combined and concentrated on a 10
ml rotary evaporator keeping the temperature of water bath below 30°C. The
extract was removed to a separating funnel and added 10ml concentrated sulfuric
acid to get rid of the impurities 2-3 times. The organic phase was washed with
50ml 5% sodium chloride solution twice. The extract was concentrated to about
1ml using a rotary evaporator as above, and further purified with 2-g silica gel
and 2-g Florisil column (I.D. 12mm). Before the extract was loaded, 2g of
anhydrous sodium sulfate was added at the top. The elution was done with 20-ml
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n-hexane, then 20-ml n-hexane containing 10% dichloromethane. With a gentle
stream of clean dry nitrogen, the solution was evaporated down to 0.5 ml for GC
analysis.

The GC system was operated in a splitless mode and 1pL of the extract was
injected into the GC system for separating the OCPs. The oven temperature was
raised from 80°C to 200°C at a rate of 10°C/min, hold for 1 min, and then
programmed to 270°C at 5°C/min, hold for 5 min. The injector and detector were
maintained at 250°C and 280°C, respectively. High purity nitrogen was used as
carrier gas at a rate of 1.0ml/min and make-up gas was 49ml/min. GC peaks were
identified with the accurate assignment of retention times of each standard (x1%).

The residues of OCPs were quantitatively determined by comparing the area
under each peak with the area under the standard peak. For every set of 8 samples,
a procedural blank and a spiked sample consisting of all chemicals were run to
check the interference and cross-contamination. The correlation coefficients of
calibration curves of OCPs were all greater than 0.998. The limits of detection
(LDs) of OCPs were described as 3 of signal-to-noise ratio (S/N). The detection
limits of a-, B-, y- and §-HCH were 0.046, 0.154, 0.055, 0.063 ng g'], and those of
p,p’-DDT, o,p’-DDT, p,p’-DDE, p,p’-DDD were 0.058, 0.066, 0.270, and 1.234
ng g”'. The recoveries of a-, B-, y- and 8-HCH with spiked samples were 96, 83,
92, 80% and those of p,p’-DDT, o,p’-DDT, p,p’-DDE, p,p’-DDD were 103, 89,
85, 82%. The Relative Standard Deviation varied from 5 to 12.

Nonparametric method was used to test if there was a significant difference of
OCPs in different groups (data were grouped by land use type or by sampling
location). Nonparametric test is an alternative to rectify the acquired data that do
not meet assumptions of ANOVA analysis and it does not require a normal
distribution.

RESULTS AND DISCUSSION

Table 1 and Table 2 showed the results of the concentrations of HCH isomers and
DDT isomers in 25 soil samples collected from Guanting reservoir, in which
>HCH and Y DDT represented their total concentration respectively, ratiol
represented o-HCH to y-HCH, and ratio2 represented DDE plus DDD to DDT.
HCH was detected with levels ranging from Nd to 19.23 ng g'l of dry weight and
DDT was detected with levels ranging from Nd to 176.01 ng g of dry weight.
DDT was more abundant than HCH.

Commercial HCH mixture contains 55-80% o-HCH, 5-14% B-HCH, 12-15%
v-HCH, 2-10% 6-HCH and other chlororganic compounds, respectively (Kim et al,
2002). In soils, average half-lives of 20-50 days for 8-HCH and 20 weeks for
a-HCH were observed (FAO, 2000). The ratio of a-HCH/y-HCH, 4-7 in technical
mixture HCH, can be an indicator reflects the degradation or use of a mixture of
HCHs (Kim et al, 2002). As shown in Table 1 and Table 2, the concentration of
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Figure 2. Cumulative percentage over Concentrations of Y HCH and Y DDT.

B-HCH in Guanting Reservoir soils was much higher than that of other HCH
isomers. The ratio of a- to y-HCH (ratiol) was 0-3.36 (with 1.73 as median),
lower than those in the mixture HCH. The results indicated that long time has
elapsed since the use of HCH in the area.

Technical DDT product generally contains 75% p,p’-DDT, 15% o,p’-DDT, 5%
p.p’-DDE, <0.5% p,p’-DDD, <0.5% o,p’-DDD, < 0.5% o,p’-DDE and <0.5%
unidentified compounds (WHO, 1979). DDT isomers have a long persistence in
environment and gradually degrade to DDE and DDD under the aerobic and
anaerobic condition. The percentage of DDE and DDD has been regarded as an
indication of no or decreasing new input to environment (Aguilar, 1982). The
DDT isomers have the concentrations in the order of p,p’-DDE> p,p’-DDT >
0,p’-DDT>p,p’-DDD. The ratio of DDE plus DDD to DDT (ratio2) was 0.24 to
4.06 (with 0.86 as median). The predominance of DDE isomer indicates that
extensive contamination of DDT occurred in the past. However, high
concentration of p,p’-DDT indicates a new input of DDT compounds.

The cumulative distribution of concentrations of ) HCH and Y DDT was shown in
Figure 2. It was noticed that a vast majority of the points were compressed at the
upper left of the graph between 0 and 50ng g-1. As for ) HCH, in more than 50%
of the sites HCH was not detected, in 96% sites the concentration of HCH ranged
from 0.00 to 3.31 ng g'. There was a single point, SE3, valued 19.23 ng g,
nearly 5 times larger than any other points in the graph. As regards > DDT, in 16%
of the sites DDT was not detected, in 96% sites the concentrations of DDT was
lower than 50 ng g, while NW19, with a magnitude value of 176.01 ng g’
greater than any other points.

With outlier data points (SE3 and NW19) removed, a skew distribution of Y HCH
and Y DDT were found. Then nonparametric method (Kruskal-Wallis Test for K
Independent Samples) was used to test if there was a significant difference of
Y'HCH and ) DDT in different land use types or sampling locations. The results
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Table 3. Nonparametric test for the sample distribution.

Grouping variable Statistics >HCH >DDT
Land use type Chi-Square 4.24 7.70
df 1 1
Sig. 0.04* 0.006%*
Sampling location Chi-Square 1.18 5.31
df 4 4
Sig. 0.88 0.26

*: Significance level, P<0.05

Table 4. Comparison of OCPs levels (ng/g) from other areas in China.

Area Survey year Source HCH DDT Reference
Shenyang city 1987 Soil 970 530  Niuetal, 1991
Ahhui province 1989 Soil 150 361 Yue et al, 1990
Inner mongolia 1995 Soil 289 - Wu et al, 1995
Ninbo city 1999 Soil 6.0 265.4 Zhao et al,2001
Jiaxing city 2001 Soil 347 395 Zhaoetal, 2003
Guanting reservoir 2002 Soil 0.50 4.42 Present study
Guanting reservoir 2000 Sediment 0.67 15.15 Maetal, 2001
Guanting reservoir 2000 Water 9.1* 3.1*  Wangetal, 2003
*:inng/L

showed in Table 3 that a statistical significance was accepted in sampling
distribution when data grouped by land use types (Sig.<0.05), but no significance
when data grouped by sampling locations (Sig.>0.05). This showed that the
concentrations of OCPs in farm soils were lower than those in orchard soils. It
could be concluded that the major sources of OCPs were from orchard soils;
while there were no significant difference in OCPs concentrations in different
orientation soils of Guangting Reservoir area.

Compared the levels of OCPs in soil in Guanting area with that in other areas of
China (Table 4), the average concentration was lower than that in other areas. The
residue levels of OCPs in the earlier period were much higher than those in recent
years, which indicated that concentrations of OCPs have decreased significantly
since the use of those compounds ceased in China. In Guanting reservoir, the
levels of OCPs in soil were slightly lower than those in sediment and in water. It
indicated that concentrations of DDT and HCH in Guanting Reservoir were
recently declining slowly, reflecting a complex interrelationship among sediment,
surface water, soil and air.

This investigation revealed the soil contamination by OCPs in the Guanting
Reservoir areas. A heavier contamination was found in the orchard soil than in the
farm soil. Despite the low concentrations of OCPs in the soil, some substitute of
DDT may still be used in the study area. Although the contamination levels
detected here weren’t high enough to cause acute effects, they could have
negative impacts on the local terrestrial and aquatic ecosystems in a long term.
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